Introduction
caregiving and improving the quality of life of these children. However, we have no reliable means to measure these phenomena in children with severe disabilities. Instead we rely on radiographic outcomes (e.g. hip development, or spinal alignment) or measures of impairment (e.g. range of motion, spasticity) which may or may not be associated with functional or health related quality of life improvements for these patients. Many of these interventions are resource intensive and expensive, and the evidence that they are effective in making an impact in these areas is elusive. There is an imperative to evaluate these interventions using outcomes that are more meaningful to patients and their caregivers, such as health related quality of life 8 .
Outcomes That Matter
In 1948, the World Health Organization (WHO) defined health as "a state of complete physical, mental and social well-being, not merely the absence of disease or infirmity" 9 . The conceptualization of the complexity of health has led to the incorporation of a more holistic account of the human experience that recognizes individual rights and empowerment 10 .
This evolution has been accompanied by changes in the way we measure health and disease. Interest in patients' perspectives and the concepts of patient-centred care have grown with our understanding that the impact of health care interventions are more meaningfully assessed using patient based outcome measures 11 . Equally important, are patients' perspectives prior to, and during their care to allow the incorporation of their values or preferences during the process of medical decision making 12 . The growth of the outcomes research movement was fuelled by the need "to sort out what works in medicine and to learn how to make clinical decisions that reflect more truly the needs and wants of the individual patients" 13 . This has led to the development of instruments that measure a wide range of health related phenomena, including physical and psycho-social function, patient satisfaction and quality of life 14 . Reiser has described this new focus on the illness experience as the beginning of "the era of the patient" 15 .
Health Related Quality of Life (HRQL)
While it may never be possible to assess or measure complete wellbeing, health related quality of life (HRQL) comprises the health related aspects of life that contribute to the goodness and meaning of life, including one's perception of wellbeing, and one's perceived ability to fulfill certain life roles. HRQL is a multidimensional construct that incorporates physical, mental, and social wellbeing as well as role attainment, daily functioning, and participation in community life 16 . HRQL measures are believed to provide a more complete picture of an individual, and are complementary to traditional biomedical measures and functional assessments 17 .
Importance of Measuring HRQL in Children with Disabilities
It is particularly important to measure the quality of life (QOL) of children with significant chronic disabilities such as cerebral palsy 16, 18 . In the absence of a cure, the consequences of these conditions are significant and lifelong. Most interventions share the common goals of preserving or improving the quality of life of these children, but are often associated with significant costs in terms of time, stress and resources to patients, families and to society in general, and not always with good evidence that these interventions are making meaningful differences to these children or their caregivers and families 8 . Reliable measurement of HRQL or quality of life can help identify individual priorities that are problematic, so that therapeutic objectives, programs and policies may be aligned with needs of patients and caregivers 16, 19, 20, 21 . This information might assist medical decision-making, and may be used in clinical practice to evaluate the patient's response to interventions that can guide on-going treatment or alteration in management 22, 23 . Consideration of HRQL is therefore crucial to designing and maintaining a system of patient-centered care 16 . Since the goal of most interventions for these children is to preserve or improve quality of life, these outcomes must be included in clinical trials of these interventions whenever possible 24 .
In keeping with this imperative, the This creates special challenges in attempting to measure HRQL in children with severe developmental disabilities. These children are often unable to communicate their perspective on quality of life. We are compelled to rely on the parents or caregivers not only to report their perception of their child's quality of life but also to determine which dimensions of HRQL to measure in the first place. Such reports are no longer truly a measure of the child's HRQL but a proxy that inevitably will be influenced by the parent's or caregiver's unique perceptions and attitudes, value judgments, as well as elements of their own quality of life. Nevertheless, such reports are the closest possible approximation of severely disabled children's HRQL and have generally proven to be reliable and valid 33, 34, 35 . Fortunately, this is consistent with real life practice -where health care providers (ought to) respond to the concerns of parents or caregivers and their perception of their children's needs to arrive at recommendations that address these priorities. While some aspects of the caregiver's quality of life and issues pertaining to the ease of caring for a child with severe disabilities are inseparable from any proxy measure of the child's quality of life, addressing these issues is valuable and beneficial to both the caregivers and their children 36 .
Brief Overview of Established Measures
A few condition specific or generic measures exist which attempt to measure HRQL or aspects of HRQL of children with severe disabilities. These have either not been well validated or are inappropriate for children at the severe end of the spectrum of disability, who are non-ambulatory and are dependent on caregivers for most of their daily needs.
The Caregiver Questionnaire (CQ), developed at the Rehabilitation Institute of Chicago, was intended as a disease specific health related quality of life measure for children with spastic quadriplegic cerebral palsy undergoing selective dorsal rhizotomy 19 .
It has been modified by the developers of the questionnaire and by others. One modified version, renamed the Care and Comfort Caregiver Questionnaire, was used to evaluate a cohort of children and adults with cerebral palsy who were treated with intrathecal baclofen for management of spasticity 37 . Another version, named the Care and Comfort Hypertonicity Questionnaire (CCHQ) was reported to be responsive to increases in dosage of intrathecal baclofen 38 .
Neither the original Caregiver Questionnaire nor its modifications have been formally evaluated for their reliability or validity. Furthermore, several items pertinent to the quality of life of severely disabled children, such as health, emotional and behavioural issues are missing from these questionnaires.
Generic health status measures developed for children, such as the Child Health Questionnaire (CHQ) 39 and the Pediatric Quality of Life Inventory (PedsQL) 40 , and functional measures such as the Pediatric Evaluation of Disability Inventory (PEDI) do not adequately represent the HRQL in children with severe cerebral palsy. The CHQ measures the physical and psychosocial well-being of children above the age of 5 years 39 .
It has been extensively validated in children with conditions such as asthma, juvenile rheumatoid arthritis, epilepsy and attention deficit disorder. When applied to children with cerebral palsy, caregivers of children who were more severely involved indicated that the "questions were too high level for their children" 19 . Others have also shown significant floor effects when the CHQ was used in more severely involved children with cerebral palsy 41, 42 . More recently, a disease specific module of the PedsQL has been developed.
However, many of the items in the PedsQL do not apply to non-ambulatory children with severe cerebral palsy, and some items that might contribute to quality of life in these children are not represented 43 . Consequently, these instruments are unlikely to be sensitive or responsive outcome measures for this population.
In the absence of a suitable instrument to measure HRQL in children with severe cerebral palsy, we set out to develop a disease specific measure that could measure the effectiveness of various interventions that apply to this population.
Development of the CPCHILD

Initial Development of the Questionnaire
In the first phase of development, items for the new questionnaire were generated from recommendations of parents and caregivers of children with severe cerebral palsy, health care professionals across multiple disciplines experienced in the management of these children, and a review of other outcome measures 19, 39, 44 . Communication and social interaction (7); 4) Comfort, emotions and behaviour (9); 5)
Health issues (3); and 6) Overall quality of life (1). For items pertaining to the performance of specific tasks or activities, the degree of difficulty of accomplishing each task was rated on a 7-point ordinal scale from 0 ("No problem at all") to 6 ("Impossible") in addition to a 6-point level of assistance modifier (from "independent" to "total assistance") for each task/activity to quantify the degree of dependence on the caregiver to accomplish the activity. For the items about specific experiences, the frequency of symptom/experience was rated on a 6-point ordinal scale from 0 ("None of the time") to 5 ("All the time") plus a 3-point "Intensity" scale to quantify the magnitude or severity of the symptom/experience.
In each section respondents were allowed to rate additional items that they felt were pertinent to that domain. In Section 7 (Importance of Items), caregivers were asked to rate the importance of each of the items' (in the questionnaire) contribution to their child's overall quality of life, using a 6-point ordinal scale, from 0 ("Least important") to 5 ("Most important"). The purpose of this section was to determine whether the items were relevant to individual caregivers and their children, and to what extent the items in the questionnaire were related to the caregivers' perception of their child's HRQL. The importance ratings quantified the relevance of the items in the questionnaire, and were used as a measure of face validity. The importance score rated below the threshold level of "slightly important" by caregivers could be used to drop items from the questionnaire.
Variation in the importance ratings between items might provide the basis for differential weighting of individual items, while significant variation in importance ratings between caregivers might justify the generation of a caregiver-child specific index score 22 .
Standardized scores from 0 (best) to 100 (worst) were calculated for each of the 6 domains, and for the total survey 36 .
survey of 34 health care professionals involved in the care of children with severe disabilities (developmental pediatricians, pediatric physiatrists, pediatric neurologists, orthopaedic and neurosurgeons, physiotherapists, occupational therapists, orthotists, seating specialists, and nurses) the CPCHILD © questionnaire was revised. These modifications included revision of the initial instruction page with clearer examples of responses, minor changes to the format, and revision of the wording of some items to ensure consistent interpretation and improve readability. Descriptive labels were added to each of the levels of the ordinal rating scales.
The CPCHILD © currently consists of 37 items distributed over among 6 sections representing the following domains: The direction of scoring was reversed. For the two sections involving participation in an activity and/or performance of a particular task or skill (Sections 1. & 2.), the degree of difficulty of accomplishing each task or activity was rated on a 7-point ordinal scale anchored by 0 ('Impossible') and 6 (No problem at all). In addition, the level of assistance required to accomplish each task was rated on a 4-point ordinal scale (reduced from the original 6 point scale) from 0 ('total assistance') to 3 ('independent'). Each item could therefore receive an aggregate score from a minimum of 0 (for a task that was impossible to accomplish even with total assistance) to a maximum of 9 (for an activity that was Each section allowed respondents to rate additional items that caregivers felt were pertinent to that domain. Raw item scores were transformed to a scale from 0 (worst) to 100 (best) by dividing the raw item score by the maximum possible item score and multiplying by 100. Standardized scores were generated on a scale of 0 (worst) to 100
(best) in keeping with convention of other measures of HRQL, and were calculated for each of the domains (by taking the arithmetic mean of all items within the corresponding section), as well as for the total (mean of all 36 items in the questionnaire). Missing values were handled by removing the missing items from the calculation, provided that no more than half of the items from any domain were incomplete.
The questionnaire takes approximately 20 to 30 minutes to complete, though there is wide variation between caregivers. 
Measurement Properties of the CPCHILD effects model
Face and Content Validity
A measure is valid when it fully and accurately captures the attribute that it is intended to measure. Face validity is the most basic kind of validity. It simply examines whether an instrument appears to be measuring what it is meant to measure 47 
Construct Validity
Construct validity is generally used when dealing with abstract variables, such as quality of life, and is the most rigorous test of validity. The proposed or hypothetical underlying factors are referred to as constructs. Construct validity examines the logical relations that should exist between a measure and characteristics of patients and patient groups 47 . This test tries to address the question of whether or not the scores of the questionnaire correlate with other related constructs in the anticipated manner. Construct validation is an on-going process of learning more about the construct, making new predictions, and then 
Convergent Validity
Convergent validity, another type of construct validity, is shown when the scales of a measure correlate as expected with the related scales of another measure.
In our first test of convergent validity, the Child Health Questionnaire (CHQ) was 
Missing Values
If any value is missing from an item (either the base rating or the modifier), that item is removed from the analysis completely. It is not treated as zero. The only exception is when a score of 5 has been selected for frequency in the Comfort & Emotions section and the modifier has been left blank. In this scenario, a total score of 7 for that item can be assumed, provided that the respondent filled out modifiers for other items in the questionnaire (see above).
Added Items
Additional items provided by caregivers at the end of each section are currently not incorporated into the scoring, though they may provide helpful information.
Interpretation of Scores
The data on the following page is provided to give users a general idea of the scores (Means and Standard deviations) that can be expected for children with cerebral palsy.
Ambulatory CP is defined as GMFCS Levels I, II, and III, while severe (non-ambulatory)
CP is defined as GMFCS Level IV and V. 
